Google 



This is a digital copy of a book that was preserved for general ions on library shelves before il was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

Il has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often diflicult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parlies, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the plus We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a b<x>k is in the public domain for users in the United States, that the work is also in the public domain for users in other 

countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means il can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's hooks while helping authors ami publishers reach new audiences. You can search through I lie lull text of this book on I lie web 
at |http : //books . qooqle . com/| 



rsrx 



\ 



A 



O 5 At 

.•nut 



r 



A 



^ 



/ 






4 



i 



t 't» * " ~r ** ~ ' *~ 



.< 



■■ 



\. 



\ 



i - « 



-Wi- 
I 

T O 

\Sir Jacob Acworth, Rut. 

Y SURVEYER 

His Majcfty's NAVY. 

f; Sn, 

1 UR Difpofition to promote what- 

l . I ever is ingenious, juftly demands 

V. I t be grateful Acknowledgment of 

» | all Lovers of Art : And as I 

I have myfelfy in a moft particular 

Manner, experienced your Good- 

; nefs, fray Leave to lay before you, this little 

i Treatife, on Sir Ifaac NewtonV Solid of the 

leafl Refinance ; which, tho' it has been handled 

by feveral able Mathematicians, yet, has been 

looked upon as a Matter of mere Speculation, 

'till 



[ii] 

'till you weft f leafed {among your many fuc- 
cejSful Endeavours, to improve the Royal Navy) 
** a more particular Manner to jxmfider and 
reduce this toTraElicc : I am thoroughly fen- 
fible, to treat on the Works of ftfe ittuftrious 
Author, is a Task lam no way equal to ; there- 
fore beg you will Pa/s by the Meannefs of the 
¥erfbrmance t ana accept of the Endeavours • 

Sir, 

Your moil Dutiful and 
Moft Obedient Servant, , 

C. Robinfon. 

London, JfrB 5. ^J4- 
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\ VIEW of Sir Isaac New- 
ton's Thirty Fourth Propofition 
of the Second Book of his Ma- 
thematical 'Principles of Na- 
tural Philosophy. 



IH £ Refiftance of a Body moving in 
a Fluid Medium, arifcs partly from 
the Denfity of the Fluid in which ic 
moves, partly from the Number of 
the Particles which ftrike the Body at 
the fame Time, and the Angles in 
which they ftrike jointly. 
\ The Denfity of the Fluid is not hert confidered : 
f All the Bodies whofc Refiftances are here compared, 
, being fuppofed to move in the fame Fluid ; as all in 
Air, Water, O//, &tc. and not One to move in Air, a 
Second in Water, a Third in Oil, &c. 
\ The Number of the Particles of a Fluid which 
ftrike on Bodies moving in it, arc as the Areas of 
the Grcateft Tranfverfc oedtions of thofe Bodies. 

The Angle in which the Particles of the Fluid 

ftrike the Body, is the Angle which the Sides or 

Surface of the Body make with the DircSion of the 

A Motion 
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Motioia, and is called the Angle of Incideftcfe of the 
Particles of the Fluid. 

Thus, if the Parallelogram ADEB, %, i. and 
the Triangle AVB were both to more iii the fame 
Fluid, the Number of Particles that would ftrike on 
thofe Figures would be equal, becaufe the Figures 
are contained under equal Bafes ; but the Angle of 
Incidence in which they ftrike unequal, being Per- 
pendicular or a Right Angle On the Parallelogram, 
and Oblique or the Acute Angle VBE on the Tri-^ 
angle. 

If a Curve Line FGHV, Fig. a. be' moved in 
Fluid Medium in the Dire&jon of its Axis A V ; 
then fuppofing AB, BC infinitely Small or Fluxions 
of, the AbfcilTa: DF, EG Fluxions of the Ordi- 
nate : F G, G H Fluxions of the Curve, the Angl< 
of Incidence of the Particles of the Fluid in th 
Point H will be KHTorCTH, that is, an An- ^ 
. gle made by the Intcrfedtion of a Tangent applied 
in the Point H, with the Axis A V produced in T, 
and is fimilar to the infinitely Small Triangle EHG. 
. The Sum of the Refiftances on every Point of the 
Curve is the Refiftance of the whole Curve Line, and, 
if the Fluxions of the Ordinates be every where e-| 
qual, that is, if F D'GE, £fr. the Number of the 
Particles of the Fluid which ftrike upon every infi- 
nitely little Part of the Curve FG, GH, fcfc. will 
be equal, and the Refiftances of every fuch infinitely 
little Part or Fluxion of the Curve will be as GE 
fquared, divided by G H fquared, or the Square of 
the Fluxion of the Ordinate divided by the Square 
of the Fluxion of the Curve, or fuch a Proportion 
ef the Homologous Sides of any Similar THangle. 

But, if a Solid generated by revolving the fame 
Curve FGH V about an Axis be moved in a Fluid 
Medium in the Direction of its Axis : The Refift- 
ance on every fuch infinitely little Part of the Solid, 
generated by the infinitely little Triangles FGD, 

GHE 
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G H E will not be in the fame Proportion as on the 
Curve Line : For the Fluxions of the Ordinates be- 
ing equal, the Number of the Particles that ftrike on 
every of the Elementa or Fluxions of the Curve, con- 
lidered as a Line is equal, but conlidered as a Solid 
unequal (tho* the Angle of Incidence is every where 
the lame) becaufe the Surface generated by D F at 
the Diftance G B or D A is greater than the Surface 
generated by revolving E G at Jthe Diftance E B or 
JH C : the Whole of which is contained in Sir Ifaae 
Newton's 

Princip. Mathem. Lib. II. Trap. 34« 

The or. a 8. 

a If a Globe and Cylinder of equal Diameters be 
moved with equal Velocity, in a Rare or Thin Mer 
dium, confifting of Particles equal and equally di- 
ftant from one another, in the Direction of the 
Axis of the Cylinder : the Refiftancc of the Globe 
" would be half as much as the Refiftancc of the 
Cylinder. 

" For, becaufe the A&ion of the Medium is the 
Same on the Body (by Cor. 5. of the Lams) whe- 
[C ther the Body be moved in a Medium at Reft, or 
u the Particles of the Medium, ftrike the Body at 
" Reft with the fame Velocity : Let us confider the 
" Body at Reft, and fee with what Force it will be 
<c prefled by a moving Medium. 

44 Let therefore ABKI, Fig. 3. reprefent a Sphe- 
u ricai Bodji defcribed on the Center C, with the 
" Radius C A, and let the Particles of the Medium 
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ken equal to the Semidiamcter C B, and let B I> 
be drawn touching the Sphere ia B, on K C and. 

A % 4t B1 * 
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* BD let fall the perpendiculars BE, Dt, and 
• c the Force with whicn a Particle of the Medium 

* falling Obliquely in the Right Line F B, ftrikes 
4< the Sphere in B, will be to the Force with which 
w the fame Particle would ftrikc the Cylinder ONGQJ. 
tt circumfcribed to the Sphere, with the fame Axis 
" ACI in b, as LD to LB, or BE to BC. Again, 
4C the EfFedt of this Force to move the Globe in the 
4< Dire&ion of its Incidence FB or AC is to the 
u Power to move the fame in the Dire&ion of its , 
%i own Determination, that is, in the Dire&ion of the/ 
" Right Line BC in which it ftrikes the Globe Per-jl 
4< pendicujarly, as BE to BC ; and by Compound-^ 
cc mg thcie Ratio's, the Force of the Particle falling \ 

u Obliquely on the Globe in the Right Line FB, to \ J 

" move the fame in the Direction of its Incidence,/ 

u is to the Power of the fame Particle falling per-/ 

, " pendicularly on the Cylinder in the fame Right 

c{ Line, as BE (quared to BC fquared ; whereforcl 

4< if a Perpendicular £HE be ere<Sed to the Circular^ 

<c Bafe of the Cylinder NAO, and bE be equal to > 

B E fquared 
4C the Radius AC, and bH equal to — - ; — - , 

u bVL will be to bE as theEffea of the Particle 
* on the Globe to the EfFedfc of the Particle on the 
4C Cylinder, and therefore, the Solid which is made 
44 up of an infinite Number of Right Lines here re- 
" prcfented by b H, will be to the Solid which is 
4< made up of an infinite Number of Right Lines 
44 here reprefented by ^E, as the Effeft of all the 
u Particles on the Globe to the Effedt of all the Par- 
4< tides on the Cylinder. But the former Solid is a 
44 Paraboloid, defcribed through the Vertex C on 
a the Axis CA and Parameter CA, and the latter 
44 Solid is a Cylinder circumfcribed to the Parabo- 
t4 loid : And it is known, that the Paraboloid is 
, " half the circumfcribed Cylinder. Therefore, the 

44 whole 



"■*! 



(5) 

<c whole Force of the Medium on the Globe is half 
u the Force of the fame on the Cylinder. And 
" therefore, if the Particles of the Medium be at 
u Reft, and the Globe and Cylinder be moved with 
\" an eaual Velocity, the Refiftance of the Globe 
a would be half the Refiftance 'of the Cylinder. 
a QJE,D. 

SCHOLIUM. 

"By the fame Method the Refiftance of other 
Figures may be compared, and fuch may be found, 
which are beft adapted to continue their Motions 
in Refilling Mediums. As if on the Circular Bafc 
CEBH, Ftg. 4. which is defcribed on the Centej 
O, the Fruftum of a Cone is to be conftru&ed, 
which meets with the leaft Refiftance of all Fruf- 
tums of the fame Bafe and Altitude, and moving 
in the Direaion of its Axis towards D : Bifett 
the Altitude OD in D y and produce OQjo S, 
\" that QS may be cquflto QC, and S will be thfc 
l <c Vcrtetf of the Cone whofe Fruftum it fought. 
" Hence, Seeing the Angle CSB is always Acute^ 
it follows, that ff a Solid ADBE, Fir. 5. be ge- 
nerated by the Convolution of an Elliptical or 
r Oval-like Figure ADBE about its Axis AB, and 
s u the generating Figure be touched by three Right 
\« Lines FG, GH, HI, in the Points F, B and I, . 
f in fuch a Manner that GH be perpendicular to 
(i the Axis in the Point of Contad B, and HI, FG 
JJ with the faid Line GH contain the Angles FGB, 
" BHI, 135 Degrees; the Solid which is generated 
by turning this Figure ADFGHIE about its Axia, 
4 CB, will be lefs refilled than the former Solid, if 
* both move in the Direaion of the Axis AB with 
the End B forembft : which Propofition, I con- 
ceive, may be ufeful in Ship-Building. 

" But 
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tt But if the Figure DNFG be % Curve of fuch a 
H Kind : If from any Point N, a Perpendicular NM 
"be let fall on the Axis AB, and from a givea 
u Point G be drawn a Right Line GR Parallel to a 
u Right Line, touching the Figure in N, and cut- 
u ting the Axis produced in R ; MN will be to GR, 
*• as GR cubed to 4BRxGB fquarcd : The Solid 
u which is formed by revolving this Figure about 
c< its Axis AB, will meet with lefs Reiiftance, in 
4C moving in the aforefaid rare Medium from A to-, 
" ward d than any other Grcular Solid defcribe< 
" with the fame Length and $readth ". 

The Method here giyeu by Sir IJaac Newton, ex- 
tends to the Inveftigating the Reiiftances of Solids 1 
in general, whether they be generated by revolvin[ 
the generating Lines about an Axis, or by any othejj 
known Law, that is, whether the Bafes and all tqe 
Tranfverfe Se&ions be Qrcles, Polygons, &c. 

If the Tranverfe Sefiions be all Right-angled Pj 
rallelograms, and the rcfpe&ive Sides of all thoi , 
Parallelograms, parallel to Ihe another, as in a Wedg 
or Figure of a Wedg-like Form, whofe Sides, in- 
fiead of being straight, are Curved : The Relift- 
ances of fuch Solids will be, the Reliftances of thi 
generating Lines multiplied into the Depth. 

In Figures of this Kind, the Plains or flat Side* 
may be luppofed to move Horizontally ; however, tho 
this may be of Ufe in afiifting the Imagination, it is #• 
not any ways neceflary, that they ihould be confined/ 
to fuch a Motion, but mar be at Liberty to moveV 
any how, fo it be in the Diredion of the Axis of / 
the generating Lines* and plain Superficies, 
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PROP- L 

To Invefitgate the Refiftanccs of Solids 
contained under Straight Lines. 

E T the Parallelogram ABCD, Fig. 6. be the 

j Side of a Parallelopipedon, fuppoied to move 

[orizontally in the Dire&ion of FJC, whofe Altitude 

IB is denoted by b> the half Breadth BK by b> 

u&d the Depth by d. 

Cafe i. If the abovefaid Parallelopipedon be Cv- 
lered away from Bottom to Top, in the Rignt 
ine EB, Fig. 7. the Refiftance of the Parallelo- 
[pedon will be to the Refiftance of this Solid, as 
h\dd to dd y or putting zbbd, or the Content of 
the Parallelopipedon for its Refiftance ; the Rcfift- 

obbd* 
ice of this Solid will be rr-.— > for, by the afbre- 



bb\dd 
iked Propofition EB^.AEy::AB to 



AB x AEq 

*te BL, whence the Refiftance of this Solid will be 
to that of the former, as the Line BL is to the Line 
)j\8, or as the Area of the Rcdangle BLNO is to 
the Area of the Re&angle ABOE, which (becaufe 
the Slant Side EB is every where of the fame Breadth) 
is the fame Thing, as if the Parallelopipedons were 
compared with one another* 

Cafe 1. If the Horizontal Plane be cyphered away 
to the Triangle AKD, Fig. 8. and not from Bot- 
tom to Top, as in the- firft Cafe, the Refiftance of 

abb'd 

thb Solid will be "—,- , for, as before, AKtf* 

bb-\-bb 

AHf 



f 
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. ABxAHtf , . ^ . 

AHj :: AB. t- — = BL, or (for the Rcaiotf 

AKj 

given in the former Cafe) the Refinance of this & 

ltd will be to the Refinance of its circuftifcribed Pa- 

rallelopipedon, as BL to BA. 

* 

Cafi 3. Let now the Parallelopipedon be cypher- 
ed away both Ways together, and the Remittance oi^ 

k ^ bbd* bib 1 

this Piramidal Figure will be ■ + ■ 

* bb+dd bb+bb 

half the Sum of the Refinances of the Solids in t 
former Cafes : For, the Particles of the Fluid ftrik 
this Body with the fame Obliquity as the former, o 
all its Sides refpe&ively, and the Number of Part* 
cles that ftrike this Solid, will be half fo many, 
ftrike both the other Solids on their refpedivc Sidfcs 
at the fame Time : or,^ as was obferved before, t^ 
Bales of thefc Solids being equal, the Number of th 
Particles of the Fluid that ftrike at the fame Time 
will alio be equal. 

If the Depth and half Breadth of the foregoing 
Solids be the fame, or b=d the Rcfiftances of 
thofe Solids will be equal. For 

lit, The Refiftance of the Solid in the firft Ca/i K 

abd'b . 

being it is plain, that by fubftituting b fo 

bb-j-dd 

d and d for b (which, becaufe k=zd y does not altcrt 

the Value of the Expreffion) - will become 

r ' bb+dd 

ibdb* 

the Refiftance, as in the fecond Cafe. 





bb\bb 



.*• %t 



2. By Subftituttog *s before b for i, add d for *, 

the Value of , ■ ; + ■ . . ,. will become 

bb+dd hb\bb 

abdb* ibbd* .. /r./-!^ 

or ' as before, or may in this Uye be 



bh\bb bk+dd 

<M>* %bd* 

expreflcd by • = ' • 

hb\Vb kb+dd 

Now, if the Altitude AB or b~66,% and b-d 

'33$, then BL— 13,3053 very near : The Solid 

ontent of the ParaHelppipedon will be 148666, and 

if that be put for its Refiftance, the Refinance of 

the before-mentioned Sol ids' will be 29367 nearly. 

k The Content of the Solids in the Firft and Second 

(is is ha)f the circunftferibed Pamllelopipedon, or 

333, by which if the Reiiftance be divided, there 

ill edmc forth ,99776. 

The Content of the Piramid or Solid in the Third 
Cafe is one Third of the Paratlelopipedon or 495 55, 
\ty which if the Reliftance be divided, there will 
^omc forth ,59665 : So that the Solids in the Firft 
id Second Cafes have a greater Solid Content tit 
Proportion to their Reliftances than that in the 
Third Cafe. 
Suppofe now the Breadth to be encreafed and the 
\ Depth leffened, fo that the Area of the Bafe, and 
yeonfequently their Solidities, remain the fame as be- 
( fore, and the Breadth be in Proportion to the Depth 
•s 3 to I. 

Pat the new Half Breadth =rrf* then 3 . 1 : : la , 

— the new Bafe : Becaufe, the Depth of the former 

Farallelopipedon was aM>, and that of the Bafe here 

fpoken of is - — therefore A — . net ibb and mul- 

3 3 

B ' tiplying 
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ti plying by 3, <%aa-=6bb i %aa=^^bb^ or aa = 
and by Evolution a = ^3^. 



2 



But if it were required to find the Depth, pat the 
Depth zze, and then i . 3 : : e . 3* the new Breadth, 

and confequcntly, 3^-0**, whence $$——bb, and^ 

3 



/ 



by Evolution *—J-bb = b<t~. 
/ 3 3 

Let this Parallelopipedon be cyphered away from 
Bottom to Top, as in the Firft C0/J, and its Refift- 
ance w'ill be found am 1, which divided by the ° 
lid Content gives ,284005, 

If the Parallelopipedon be cyphered off as in th< 
Second Ca/i y the Kefiftance will then be 4033p, and 
the Refiftance divided by the Solidity ,£4268. 
' If it be cyphered off both Ways, as in the Third 
Ca/i, the Refinance will be (as was lhewn before) 
half the Sum of the Refiftances of the two foregoing/ 
Solids or 30725, and the Refiftance divided by the 
Content is ,02002. 

It may be obferved from what has been faid, that ' 
the Refiftance is ver v much leflened when the raral- / 
lelopipcdon is cypnered off as in the Firft Caje^ \ 
and greatly encreaicd in the Second, from what it 
was, when the Half Breadth and, Depth were equal: 
Let us now confider what Proportion the Breadth 
Ihould bear to the Depth, to make the Refiftance, 
the lcaft poffible. 

Put as before the Bafc =2^=2^/, and let^ de- 

hb 

note the new half Breadth : Then y . b : : * • — the 

t 

new 



new Depth, and the Refiftance of this Parallelopi* 
pedon, when it is cyphered away as in the Firft 
Cafe irom Bottom to Top, may be exprcfled by 



ihbb 



b* 



yy 



bb+ 



b* skb 6 b* 

- now ihbb x — = ■ and bb4- — =r 

b* y 



yy yy 



yy 



yy 



*y x ^-b* 



ihbb x 



yy 



-, whence 



1! 

yy 



lbb 6 



- the Flux? 



bb\- 



b*_ b*y*+b* 

yy 



•1 • 4&ib 6 yy 

ifn of which is — r . ,., which if a Minimum. 

, _ 4b ' b*yy 



*y x f b*- x ; — 4b'b yy =0, divided by y t 

^4i»^<y=0, and confequently, — j=o, that is, if the 
Altitude and Area of the Bate remain the fame, the 
( Refiftance will be continually Icflened by encreafing 
\thc Breadth and leflcning the Depth, till the DeptH 
/vaniihes. r 

In the Second Cafi the Refiftance may be exprcfled 

2bb"y x 

^ * the Fluxion of which is 

b'+y* 



**-tj7»* 



Bi 



if this, 
be 



1 I* ) 

be a Minimum, then 4b*b M y*~c>i and confcqwntly 
y~o> that is*, the Refiftancc will keep in a continual 
Decrcgfc as the Breadth decrcafcs. 
In the Third Ca/i y the Rcfiftancc may be exprcf- 

fed by fatAp + jl if t or inftead thtteof we 

» 

b 4 y 1 

may life , . - , , - + —i — the Fluxion of which 



if a Minimum* is 



ih % yy 



«# 



ib l b*yy 



jfe*+2^y-fji 4 by-\-ai>y+P 



=o, and dividing both Sides by a^jy wc fhallhav 
I b* 

— . — .= i. -, of fcy+ 

flA , jr** 4 4* , sr& 4 A 4 +aWj' , +**j 4 ,«n4 taking away^ 
ib'-y*b* from both Sidea of the Equation we fhall< 

b*-b*t* 
have ■ = y*. otb*-y*. and by Evolution.) 

b*-b* i 

b-=sf y that is, the Rcfiftancc of this Piramidal Fi- 

Sire will be the lcaft when the half Breadth and \ 
epth are equal. 



( 



COROLLARY. 



v 

The Refiftancc of a right Cone is to the Rcfiftancc 

of its Circumfcribed Piramid as the Solidity of the s 

Cone is to the Sojidity of the Piramid, and as the { i 

Surface of the Cone to the Surface of the Piramid. VJ 

For, * 



r 
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i ft, The Angle of Incidence of the Particle* of 
the Fluid is the fame on both Solids. 

ad, The Curve Surface of a right Cone is equal 
j a Triangle whofe Bafe is the Periphery of the 
Safe of the Cone, and its Altitude equal to the Side 
of the Cone. 

3d, The Surface of a right Piramid is equal to a 
riangle, whole Bafe is the Perimeter oi the Bale of 
|c Piramid, and its Altitude equal to the Pcrpen- 
:ular of the Ifpfceles Triangles that compote the 
le : Therefore, the Number of the Particles of 
.*. Fluid, that ftrikc both the Solids at the fame 
'ime and with the fame Angle of Incidence, are as 
teir Surfaces. 

[4th. The Solidity of a right Piramid is One 

bird of its circumscribed Parallelopipcdon, and the 

r Midity of aright Cone is One Third of kd cir- 

:umfcribed Cylinder, therefore their Solidities are 

their Bafes *, and the Area of a Square is to the 

rea of its inferibed Circle, as the Perimeter of the 

[uare to the Periphery of the Circle : For, let r 

the Radius of a Circle, ir the Diameter, or Side 

the circumfcribed Square, and 8r the Perimeter, 

icn if c be put for the Circumference of the Circle, 

re 
^t will be 8r . c : : 41T . ~ the known Area of 

2 
tfe* Circle. 
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PROP. IL 

The altitude of a Piramid being given? 
to determine the Bafe, when the Refift- 
ance Jhall he the lead that can he in 
Proportion to the Solidity. 

PU T the Altitude VD-b, Ftg. o. and ED. 
half the Side of the Bafe, =*y. 

byy 

The Refinance of the Piramid is •■ x 4jy, 



4h' 



yy-hbb 



as was ihewn before, or ■ : the Solid Conteite 



Abyy 



yy+bb 



is 



» • » by which, if the Refinance be divider 

3 

tzby* a«* 

wc ** havc 4»yw ~ T^ thc FIoxion oj 

which is r ; which if a Minimum, 

then 6b l yy -o, and dividing by 6b »y. jr=0, that is, 
thc Bafe will continually decrcafe till it vanifhes. 
If the Content bo divided by the Refiftancc, it 
qbty'+qby* b l +y* 

will be = . . the Fluxion of which 

izby* #* 

• • • • 

. Gfy—dfryy—dy^y zfryy 

»- i '» - —^ if this be a Mi- 

nimum 
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nimum, then — l^yy-p; and dividing by ab z y y 
we fhall have -— y=o,that is, EI>will increafe in Infi- 
* litum, to make the Quotient of the Solid Content,' 
livided by the Refinance the leaft that can be. 

And what has been faid of the Piramid, may be 
applied to the Conc ? or any other Piramidal Solid 
whofe tranfverfc Sections are regular Polygons. 



PROP, lit 

InveftigaU the Refinance of a Para- 
boloid. 



ET ENB, Fig. io. be the Parabola given, draw 
j FK parallel to the Axis QB, and let tall the 
rpendicular NM from any Point of the Curve on 
ic Axis QB, and draw Nl Perpendicular to the 
.urve in the Point N, then by tnc aforecited Pro- 
>fition of Sir Ifaac Newton , NIf . lUq : : QB • HF, 
id if this be done in every Point of the Parabola, 
ic Point H will by its Motion defcribe the Curve 
|HD, and the Refiftancc of the Paraboloid genc- 
ited by revolving the Parabola QENB about its 
[Axis QB will be to the Refiftancc of the Cylinder 
derated by the Parallelogram QELB in the fame 
.otation, as the Content of the Solid generated by 
[revolving the Figure BQHDLB, about the fame 
Axis QB, is to the Content of the Ctrcumfcribed 
[Cylinder. It remains then to Inveftigate the Con- 
[tent of the aforefaid Solid : in order to which, 

Put the Altitude QB=ib, the Ordinate NM=>v 
the Subnormal IM which in this Curve is a conftant 
Quantity =0, equal to half the Parameter : For, 
apply the Ordinate nm, infinitely near to NM J the 
Infinitely little Triangle fi&n is fimilar to the Tri- 
angle 






( i'6 ) 

ingle MNI, therefore rN . MN : : rn . IM, or the 

MNxnt yy 
Subnormal tM=« ■ ■■ - ■ B T> but "fa Che Paratx 

w, potting p for. the Parameter, px=y$ and J?x=a# 



therefore 



27 />* 

By Subftituting * ^fcr QB, ^ for NM and a for 
inftead of NI ? . IM$ ; : QB . HF, we ihali hav< 

tftf+jy •aaub . - the Value of HF, accordinj 

aa-\-yy 
to the Property of the Parabola. 

Now, if * ftands for the Circumference of a Ci 

cle in general, and r for its Raditw, then 4rr . — : .; 

cyy c - 
yy. — or-r-x yy will be the Area of any paiticu- 

lar Circle whofc Radius is y. 

c 
The Bale therefore of this Solid is — x yy fa 

%r 
c 
Fluxion b — x %yy the Fluxion of the Bafr, which 

ar 

aah c %yy 

multiplied into ■■ gives — x a#h x ■ ■ ■■ ■ the 

aa+yy %t aa±yy 

Fluxion of the Solid. 



U 



~^r-~*^mm 
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In Order to find the Fluent of which, pot aa+ 

• • • 

yy=z, then 2yy=z and by Subftituting z for zyythc 

, c * 

Fluxion of the Solid will be — x aab x — : and be- 
ar * 

caufe the Fluxion of any Logarithm is equal to the 
Fluxion of the abfolute Number divided by the ab- 



►lutc Number : therefore the Fluent of — x aabx * 



c 

ar 



.will be — x aab x Log. z % and reftoring aa+yy for 



it will be — x aab x.Log. aa+yy but becaufe 



*og. aa+yy muft vanilh when y=so, therefore the 
(true flowing Quantity or Content of the Solid enqui- 

'red after will bc£; xaabxLog. ^*2^theRcfiftancc 



aa 



the Paraboloid required. 

*o Pt ? 2 s b ££ lc jH*# ^d J-33i, then will aa be 
08,9608 : The Content of the circumfcribed Cylin- 
der will be 2335*59 and that of the Paraboloid 
'1 1676a, for the Paraboloid is known to be half the 
circumfcribed Cylinder. 

If the Refiftancc of the Cylinder be put equal to 
its Solid Content, the Refinance of the Paraboloid, 
will by the foregoing Theorem be found equal to 
41 169, which divided by the Solidity 116762 gives 
135*59. 

C PROP. 



( iS ) 

PROP. IV. 

To Invefiigate the Refinance of a Solid 
generated by revolving a Parabola a- 

botit an Ordinate. 

/ 

T -ET VBD, Eg. ii. be the generating Curve*' 
1 j V the Vertex, AV the Axis, VE an Abfciffid 
and ED an Ordinate of the Parabola applied in the 
Point E, DK a Perpendicular to the Curve applied 
ip the Point D, and let AB be the Axis of Rotation,* 
in the Dlreftion of which the Solid is to move fror^ 
A towards B. 



Ppt YA= r. YE:*=x, and the Subnormal El 
(which in the foregoing Proportion was fhewn to 
always equal to the Semiparameter) =a-> 

Then DK? . £D£ : : Aft . FGYor the Triangle 
M'DC is fimitar to the Triangle DKE. " 1 

Bqt, by the Pfeperty c^f the Parabola DEq=zax,{ 
Kty^lfy+ElCq^zax+aa, therefore aa-\-l 



aax . iax : : b . - ? * ss FG, and if this be don< 

ifc evefry Point of the Curve, the Point "H will de- 
fcribc the Curve HFL ; and the Refinance of the* j 
given Solid will be to the Refinance of its circumr\ < 
fcribed Cylinder, as the Content of the Solid gene- i 
fated by revolving the Curve HFL about the Axis f 
HB to the Content of the circuriifcribcd Cylinder : ( 
In Order to find the Conteht of the Solid generated ' 
by revolving HFL about Its Axis HB : Let c be V. 
a Standing Expreflion fhewing the Proportion of the l 
Area of a Circle to that of its circumfcribcd Square. ( 
NoW AE=r-*, therefore the Bafc of the Solid v 

will be 4* xrr— irxj-xx, the Fluxion of which is ' 

4CK 



' «»^ ^ ^^n^^gn^mr ^w^^*-*™ 



( t?) 



4* x axx— arx the Fluxion of the Bafc, which mul- 
tiplied into the Altitude FG= 4r^- g* vcg 



v *+2x tf-f-ax *+ax 

* Fluxion of the Solid. 

4J&x*x 
To find the Fluent of— put a 4*x»*i t&a 

r=— — , qxx—zz— iza+aa and x= — , whence 
a 2 

^ = baz> + the flowing Quantity 

<H~** a a* 

bz % baa 
iof which is — — baz 4 x Log. «, and ic- 

a 



ftoring tf+ax for *,, it will be — x a— axl* — to x 

J 4 

baa r *+*x 



*+ax + — x Log.- • 

a a 



4brxx 
And to find the Fluent of—- — — > put as before 

*irax 

z —a zz-~o.za¥a* ~ 

a4-2x~z* then x _ : v and xx = ' ■ > 

a 4 

C a whence 



(*o) 



* JSJfc— %a • ♦ _ . « 

whence ix*= — • — and qxx—zz— *j* y by which 



qbrxx 



Subftitution, the Term — = — will become —brz + 

a-f-zx 



abrz 



the Fluent of which is — brz -f- abr x Log. &>> 



and rcftoring a + ax for « we fhall have ~—br) 



iTfax+abr x; Log. 



tf-f-ax 



* 



The Aggregate of all which is — xa-Laxl* — bt 

• 4 



x a j-zx — It x *-|-!2# -J + *i>rxLog. 

baa 
or '■ + *jp* -|- jfor* — <ra& — a<a&# — abr — zbrx 



4 
Twa 



+ [-tflrxLog.^ — 

% a 



3*ab 



— abx-jr 



baa a-\~nx. 

bat— ilorx—ahr + J- abr x Log.—-- . 

If *-0, we {hall have — I — abr, but if 

'4 



1 



I • 



t. 



I 



( aa ) 



h«i 



ED- —p. the Ordinate or Altitude : Put as before 
rs 

• m 

axx — 2tx for the Fluxion of the Bale which witi- 



plied into H. the Altitude gives * 



bx % 



ri 



A 



the Fluent of whiea is 1^ 



abrx x 

a 

If *=o, the whole will vanifh, 



t*rx* 



if, we 



haTei* ra 



f* ri 5 3 15 

8 
which dedo&ed from o, gives — lot x ; bat Ar* wi 

«5 

in this Cade ftand for the circumlciibed Cylindei 

therefore the Content of the Solid enquired afte] 

O 

will be _ of the Circumfcribed Cylinder : and 

Proportion to the Paraboloid as 1 6 to IJ* 

If this Solid be of the aforefaid Dimcnfions, its' 
Solidity will be 124546, and its Refinance divided 
by the Solidity ,4444> 



PROP.j 



( 13) 



P R O P. VI. 

Inv&hate the Refiftance of a Sphe- 

roid. 



UT 



the Altitude QB=£, Ftg. 13* the Abfcifla 
=*, ind the Ordinate NM=^. 



f ftand for the Semiparameter, then by die 
topetfy of the Ellipfis yy = v x zbx—xx, and 



bfrEvplutioo fa*^ x a&c— xxf* the Fluxion of 






rtiich Is f =■ ~r x —, i, then nr .rN : :NM. 



• • 



*y 



' Or * . # : : y . -4- the Subtangcnt, and by Sub- 

ftkutiog the Values of y> x and y, we Audi have -^k 

bx~x'x . *i -_-— ; — ,,' ibxx—*** 
■=- . * ; : i x 'a*»-*Alfc . *- r ^ 

"- T ■ the Sabtangent j but alw— xx — -t-XflV 



aod if we put f^fi^ then a#x — * = */J, or 



xx — 



xx—tibx =r — tyy ; by adding bb to both Sides of 
the Equation, xx—txbx^bb ~hb—eyy 7 and by Evo- 



li 



2bx — XX 

h~x 
y*e % 



volution b—x^z bb—eyy whence 

y yt 
J^=« the Square of which is ^f^^^NMj 

+MT,= NT? , or ^ ±yy^£»^ 



and NTj.NM? : : QB . HF, or 



bb—eyy 
y*e % +bbyy — i 

BHHMMMMMM 

bb—eyy 



n -b Vy-'W V-eby> 



y x € XJ tbbyy—$y+ y^^bb—gy 



m 1 

Now, if we call — * w the Bafe of the Solid, th( 

ar . 

Fluxion of the Bale may be called iyy y which multi- 



■b'—eby* 



• • • 

do % yy—o .eby^y 



P Ucd mto j-,*.^*!^ 6 IVCS ,uUbb~-<r the 

Fluxion of the Solid generated by revolving the 
Curve QHL about the Axis QB, the Solidity of 
which exprefies the Refiftancc otthc Spheroid. 

Put * x —e=pt t then the Fluxion of the Solid will, 
w, m * *Vyy-%eby % 'y _ bHiyy _ ebxiy'y . 

bccomc - ^- ^T^ ^^W" ' 



J 






(*5) 



« 

To find the Fluent of ^^ 






pot 



+Z7 



• • 



— 4- **-»*, then#=«— — • andajry=* whence 



f» 






xa# 



•ss <&' x — the Fluent of which is *' x Log. i, 



+27 
and reftoring — + ff for », it will be — x Log. 



-f- yi-i hat becaufe when jr vanUhes, the whole 

predion fhould vanifh, the true Fluent will be 
hk . 

& r « + " 

— xLog,- 






And to find the Fluent of 



ft&xoyj/ 



, ppt as before ~ + Jy=*> thcn »*«-*- 



to 
4* 



+ 27 



191 



and j 4 ^:* 1 — a&x 1 — r , qfy =s ass —a* 



(*«) 



eb 



x - , or ify -zz -»*—* whence — — 

eb eb b x 

~ xaat "jz x ~ x z 

=r— J!!! + m m m the Fluent of the for- 



mer Term 






+/ 



«• m m * j 

— _ i*x **"f-2£ —— f*l '*y*i 




And the Fluent of the latter Term 



eb tf 



& 



•&» 



mm 



a 



eb* 



x -r is — 7* x Log. «, and by reftoring 



bb 



m 



eb' 



bb 



•Hi y for *, the Fluent will be —? x Log. 

, " » a ° bb 



m 



The Aggregate of all the Terms of the flowing 

bb 



b l 
Quantity is — * Log. 
■ w 



3T- + JF * ^ 



fS 



(. 



bb 

m 



— -£— — — * but becaufc the whole 

m Exprcffion 






{ i7 ) 

Expreffion maft vanifh when jr=o, the true Fluent 



9BT 



or Refinance is -£.x -- _i_ 



bb+myy thy \ 



w * xLog. ^ — w 



bb_ bb 



J If we put as before, *=66,o, y-33fy then f =s 
'i 6,6085 nearly, and the Refiftancc will come oat 
j 65603 : the Solidity of the Spheroid b I5j68jk djf 
Vyhich the Refiftancc being divided gives 42138. 

If the Spheroid degencratesinto a Sphere, then «=i 

'and «=», now the Fluxion of bb-\-tnyy, b itiyy x 



. ^ vmyy inffy 

which multiplied into amp gives + 

bb V 

•• • 

~r: — • — — rr— the Fluent of which is *?- J 

b' b % bb 



»*f4 



«TJP 



ib+ * + ^ ~~ 4/^ ^ ** L ° & ° f i *+" 5 * 



& eb* 
which multiplied into ~ - — in gives !>* — 



Pa 



2£ 



+ 



(»* ) 



1«< 



+ ■ 



mry 



4* 



~tic + 



ib "* 3i> J 



**£- but when «i=o it will be by* + r? 



$b> 

^r becaufe the other Terms will all vaniih, and fab- 

cbv x ty 4 

tra&ing -- — it will be by * — ~g- , and wheny=^ 

and *==i f we fhall have — x — the Refiftancc or 
half the drcumfcribed Cylinder* 



PROP. VII. 

To Imteftigate the Refijlance of an Hy- 
perbolical Conoid. 

LET QENB, Ftg. 14, be the generating Hy- 
perbola, QBt=i& the Axis of the given Solid : 
and put the Tranfverfc Diameter of the Hyperbola 
•=2.0, the Semiparameter — />, and let y denote an 
Ordinate and * the AbfciiTa proper to it. 



By the Property of the Hyperbola yy— •§ x a^H-* 



r 



d 



pi 



by Evolution y^ ■— x 24x-t*x^ the Fluxion pf 

& 

which 



( »$>) 



A , dx-\-xx 
>f which is y = ^ * &££* * then *r . rN : : 

[NM . MT, or fubftituting their Values, -r x 






•• pi 5—5 ,i 



* X • a 



ndxx-\-x*x 

• •• 
dx+xx 



■~^XX ft 

jT^*- the Subtangent. And if wc put -- = * f 
2jto=2i*4.x* and 2 ^7"J* ~5?£» b ? ^^S 

to both Side* ©f the Equation d*-f i dxjrxx-sdd 

and by Evolution J+tts^fyj^ therefore 



W> 



yye 



dd\yy«\ 



i , the Square of which i» 



**x 



y * 




-by* • and "2^P 4 ^ == dd+yyT~ y 

Square of the Tangent : Now NT? . NM ? : : QB 
FH, or fubftituting their Values, M±y ye — • 



for : : b 



b^-Ybef 



bd^bey 1 



yV+dy+ty* y t « x -\-d t -¥*j x 

bd*±bey* 



j and put* 



ting e*+*=r»» it will be 



d x +my % 



If 



(jo) 



If we pot — %yy for the Bafe of the Solid 5 be-, 



ar 



caufc — is a ftanding Exprcflion, Ihewing the Rati< 

of a Qrdc to a Square whole Side is the Radius 
the Circle ; the Fluxion of the Bale may be call) 



y/y which multiplied into d iT^ t l will givt 



*% 3 y 



d l ^my 



of the Solid whof<fS< 




d l +my 7 » ^ 
dity expreflcs the Refinance of the given Solid. 

. la Order to find which, put d % +uy % =&y then jf 
z-d* •' z. . zz.—nd'z-hd* 



—d 



O.ZZ* — id x %, • _ 

. - and ay'/= S^rT.T ,- , by fubftituting 

which in the Fluxion of tbfr Solid, we lhaU iitftta^i 



hd l *%yy 
of the fitft Term ,, . t - have 



bd**- 



tn 



-~ the Fluent of which is —- x Log. *, and rcfto- 
* aw 



«W 



( 3' ) 

ring J*+mjj for * we fluli have — x Lea.£i221 
becaufc the Log. of * muft vaaiJh when /=o. 



And inftcad of thefecond Tennjq—^ > there 



wit arife — 



ifc** Afl/ 1 * 



» a. 



9 the Fluent of which i» 



— — x Log. st, and teftoring d'+mjj for *, 



wqfhall have 



*£ + 2» _ %* x Log. 



2Z 



b* • The Aggregate of all which i$ 



b$d % a *+Myy &*yy bed* 

~ -^rxLog.— j; + iw + V- 

But, becaufc when y vaniflxes the whole Expr^ffioa 
nft vanifh with it, the true Fluent will be 



\bd % tod* d x t my j 

- — r x Log, — 2rr-+*9* * Wcb JB^preffion 



m 



ipUod into —• gives tbo Rcfifhuade requited. 



If 



f 

If h=dy or the Altitude be equal to half the tranf- 
Terfe Diameter as in the Spheroid it will then be 



V 



tW . bbA-myy , bey 1 



Now, if we put &=**=a66,o, and y=33f , thep 
£=^&53oi : And the Refiftance will come oat 38058 
The Solidity of this Hyperbolical Conoid is 10378 
by which the Refiftance being divided will gi 

PROP. VIIL 

To Invefiigate the Frujlum of a Coi 
which fhall meet with lefs R&fifiam 
than any other Frttftum of the Jai 
Bafe and Altitude. 

PUT OC~r, Ftg. 15. OD = J», and OS*** 
Then CSj=xx+rr, and OS (x) . OC (r) : :J 

PS (*-<&) .DF= J ~T^ ^ Again, if 
(*x+rr) . OC? (it) : : OD.0&) . AE= ■£— 

> 

Then the Refiftance of this Frujlum generated bj 
revolving OCFD about the Axis OD may be ex- 

frcfled by the Solidity, generated in turning the' 
ig. OIH AED about the faid Axis OD, 

* 

The 



( 33 ) 

The Content of the Cylinder generated by the 
Parallelogram AEDG in this Rotation about OD 

r*b 
rprefeotcd by . and that of IHGO 

n .'*• k br 1 x*—ir t x s b x A-b i r I x* . 
w Rotation by ■ ■■■ t -— ■ ■ - 

e Refiftance of the Frtiftum will therefore 
br 1 x*—0.r''x 3 b i -^-b 3 r , )i l _^, 



7 "J x*-\-r*x 

■*x* — ifVi> 1 +&'rV 



equal to 



, which by the Nature of 



xx+rr 

on is to be a Minimum. 

urion of the Numeratorr^+ir 1 *'— 2f**&* 

is ibr x xx— 2b'r i x, which. multiplied into 

min*Mr *H< S ives a**Vx— aAV*'jrf 

ib x r*x. 

ie Fluxion of the Denominator **-f ** ia 

ch multiplied into the Numerator r*b± 

ir\&'*+* , r , . l will produce a*r*sw + 

-4* Wtf-f-ii&V** j. the Flnxion therefore 

fillanee — ! jv-s ! > 

E *» 



"-»" --? 



} 



( 34 ) 

• • • • 

u , . „ — o, if a Minimum, 

xlftr l l* 

• • • 

whence 3J& a r-* ? *— a^Vx— lAVxxrrO, and divi- 



ding by aJ>Vx, wc (hall have x*— r*— Ax=o, or 
x* — bx-r % j and adding jAb, or the Square of half 
the known Coefficient b> to both Sides of the Equa 
tion,it will be ** — j&*-f iM> = r* + ibb, and 

Evolution x-i^T^+pP 1 *, now QS=x— il>, 



CQj=^ r'-K 1 ^ * whence follows that cafy Conftrud- 
ion, gi/en by Sir Ifaac Newton \ 

Bifed the Altitude OD in Q,, and produce 0< 
to S, fo that QS may be equal to Q£> and S wil 
be the Vertex of the Cone whofe Fruftum is fought 

Now, if b=66y<) 7 and r=^\ 9 as in the Soli^** 
whofe Rcliftanccs we have compared before, thent 
OS=8o,673 FD=s^9°9 AE=i 1,42 %6> and the Re- J 
fiftaoce of thg Fruftum willl>c 41045, and it* Solid! 
Content 9343 5, by which the Refinance beiqg divi4 
ded w,ill give 439^p. . \ 

The Rsfijlancc? of the iflfcribed Cone generated \ 
by revolving the Triangle OCD about the Axis QD '; 
is ivpiefented by the Solidity of the Cylinder ge- i 
nested by the Parallelogram KEDL in the Same / 
Rotation, in which (he Altitude KE is equ$l to J 

~~Xi ^ 53,3053, whence the Rqfiflancc of the \ 

Cone will be 46444 : its Solidity is one Third of i 
the circumfcribed Cylinder, or 77841, by which the 
Rcfiftance being divided will give ^52^2^ 

And 



r 



M i"y 






(35 ) 



And the Refiftance of this Cone, to the Refiftancc 
of that Fruftum of a Gone of the fame Bafe and Al- 
titude, is as 46444 to 41045, and its Solidity to the 
Solidity of the Fruftum no more than as 77841 to 

And from this Conftruftion of the Fruftum of the 
nc of the leaft Rcfiftance (as Sir Ifaac NiWtott ob- 
rves) it follows : That 




f a Solid be generated by revolving any Curve 
. an Elliptical or OvaHikc Figure DnFB, Fsg. 16. 
about its Axis CB : and another Solid be generated 
L y revolving DNFGB about the fame Axis, in which 
"B is Perpendicular to the Axis, and F6 be a Tan- 
rat to the Curve in the Point H, making the An- 
c FGB 135 Degrees, the Refiftance ot the latter 
)lid will be lefs than that of the a former : And 
is will appear from the Confideration of the fore- 
oing Conftru&ion of the Fruftum of the Cone which 
leets with the leaft Refiftancc : For, if QB were in- 
nitely fmall, it is plain that FQ=Qf, or the An- 
te F PQ==45, or Angle FGB=i35 Degrees. 

Let the Curve DNFB be an Ellipfis : Thin (as 
fwas obferved before) the Refiftance of the Spheroid 
may be expreffed by the Content of the Solid genc- 
/ rated by tne Rotation 0f the Curve LMC about the 
fame Axis ; and that of DNFGB by the Content 
of the Solid generated by LMEO hr the fame Ro- 
tation : where uniWrfally ME=QF -GB, and GE 
MEO- i BC, bccaiffe, FPq ^FQ*, and by the fore- 
going Method of comparing theRcfiftances of the 
Solids it will be aFO* . FQ^ : : CB . f CB = MS. 



El 



Let 



rij 



7^ 



L 



( J« ) 

Let as before, b denote the Altitude CB, p the 
Scmiparameter, y an Ordinate, and put — =*. 

y l e 

The Subtangcnt will be _, . f as was fhewn bc- 

bb—eyy\l 

fore, in the Inveftigation of the Refiftance of the 
Spheroid ; and in this Cafe * > ? e » — yy, and d. 

bb—eyy t 

viding byyy we fhall have h f[J ■ = i, whence 
yU z = bb—tjy t or J V +.y x <=i>i>, and dividing by| 
«• f*> J* = ^j , but #«+ * = p -f ~ equal t. 

— -!-*r- whence - s= -7—- — j- = J- — = ** «s 
above, and by Evolution -f^.j = J = Q| r =QP. 

And to find the Value of QB = *: -— = 

-"?-; or 777 — 2#x+**, or which it the fame, 

xx—ibx — — ^_ 5anc j ^ compleating the Square, 



xx—ibx^xx^bb—^—^ by Evolution 



h—x 



(37) 

— w$ ~ — zni 

mb—bb =i: 

<-f-l| «+il 

Mxl 

bbi P ,. b 

- s= — — =-r , now mx — 

' .'+' 7+' * 

■ + ,=--£, tofore— a - 

a 

f we put i>=66,9, and £=16,6085 as 
QF= 14,8654, G6 = 8,877 y, and 
by the Help of which the Refiftanc 
urn of the Cone generated by FGB( 
tn about its Axis will be found to be 31 

Refinance of the Solid generated by! 
me Rotation will be found 30989, v 
from 65603 the Refinance of the w 
leaves 32614, to which if we add 3 
ive 64141, the Refiftance of the Sohc 
y revolving the. Figure DNFGBC s 
Axis CB : which is to the Reliftanc 
old, as 64141 to 63603, or as 64 to 



: given Curve DNFB, fig. 17. be a 1 

the Semiparanictcr ■= a y and the Alt 
before : then, if the Angle FPO be at 
Degrees, FC£=QP=*, and BP-QB = 
whence the Refinance of the Fruftw 



( 3* > 

the Cone generated by the Rotation of FGBQ^about 
its Axis, as it 
the Rotation o 



ha Axis, as itprefentcd by the Sohd generated by 

t BSMEOC about the fame Axis, may 



yy 

be exprefied by c x i hxyy x ~ (c Handing for the 
lUtio of the Periphery of i Circle to its Diameter) I 

zzcxibx^ — cx -4 fay — ex 4- baa j or £- th< 

4 8,8 8 j 

Refiftance of a Cylinder whofe Radius of the Bjfle 
is SB, or the Senuparameter. 

• « ^^ 
And if we put Cft=*6tf,9, CD=$$f, as bei 
then y==a = FO = 8, 304a \yy*=aa =68,9608, an< 
the Refiftance of the Fruftum of the Cone generate 
by FGBQjn its Rotation about its Axis will cor 
out 9058 : And the Refiftance of FBQ in the fai 
Rotation will be found 10044 : the Refiftance of tl 
whole Paraboloid generated by CDNFB was ihewi 
before, to be 41169, from which if we deduft 10044, 
there will remain 31125, to which if we add 905$ 
we fliall have 40183, the Refiftance of the Solid ge- 
nerated by revolving the Figure CDNFGB, abou 
the fame Axis GB, which is to the Refiftance of th< 
Paraboloid, 8840183 to 41169, or 40 to 41 nearly., 
And this Propofition, Sir Ifaac Newtm fays, he fup- 
pofes may be ufeful in Sbip-Building : but, with « 
this Remark, that * . - 

If the Figure DNFG, #£. 18, be a Curve of fuch / 
a Kind : it from any Point N, a Perpendicular NMl 
be let fall on the Axis CB, and from a given Point \ 
G be drawn a Right Line GR, parallel to a Right ' 
Line touching the Figure in N, and cutting the Axis 
produced in R : MN will be to GR, as CiR cubed 

to 



V 
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GBj : the Solid generated by rev 
K about its Axis CB will meet wit 
: than any other Circular Solid of the 
Altitude : and hare it naturally folio 

PROP. IX. 

efl'tgate the Property of a C\ 
h reztofotd about its Axis % j 
a Solid of the leaft Refijiam 

» ob&rved in the foregoing Eropc 

when the Altitude of the Fruftum 
he leaft Reliftance becomes infinitely 
of the tk>nc will make an Angle' wii 
$5 Degrees, and confequently a Ti 
in "the Head of the leaft Ordinate < 
ught will cut the Axis produced ; 
;le. 

D, Fig, 19. be the Axis of the Cun 
line Parallel to the Axis, and the Po: 
ven ; draw the Ordinatcs KC, NM a 
near to each other, pot the Ordinal 
K.l-=d invariable, and let the V 
s be CM=*, HF=*. and the leaft 



if the Force of the Fluid ftriking d 
the pittance IC or NM be called i\ 

dX :: d > • /^x^ tbc Rcfiftancc 

enerated by the infinitely little Part 
N in its Rotation about its Axis. 



(4°) 

» 

' tit 

And becaufe HN— HF f let . e* : : m . — , 

the Refiftancc generated by NF, and the Refiftancei 

titf ' 

of DF will be— ; the Refiftance therefore of the 

contiguous Particles of the Solid generated by KNFD 
in its Rotation about its Axis may be reprefented b ' 

d i j • tit^-fjti 

wiV % + ' * which is to be a Minimum, 

• • • • 
Fluxion therefore is — +• ■■ " 

• - 

but CD is a conftant Quantity, therefore — jr^jf; 

and CD — at =' NM — n y therefore x = », when* 
• • •• « • • . » . 
ne-^tie-lritm xe—n^itix xe+nx 

y and then tl 




Fluxion of the Refiftance will be — , _ + 



oJ*yxx 



xe+tix t> • ^y* e4-n 
= o, and dividing by x ; - . + -*— * 

Or r~—' * =*-Hr, and becaufe * is infinitely 

• ■ * 



j 
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^d l yx 






in refpedfc of n y > £ ^ tfyx^d*-)-*^ *W y Qt 

yPx . <rf L +xT : : n . y> but x is the Fluxion of the 

Axis, and d the Fluxion of the Ordinate : therefore 
if GB=*, and BR=s, be the Legs of a Triangle 
fimilar to the Fluxionary Triangle IKN, it will be 
4a*z • a+^i^z^+z* : : n . y, and y equal to 

\+4-2aazz-\~z+ n - i , -^ • , • <* ^ c - 
r-J — ' - x — , whereby it is plain that Sir 

w Newton's Property of this Curve makes the 

ift Ordinate n^a the Parameter, and then it will 

,{bc, MN to GR as GR cubed, to. 4BRxGB fquared. 

And tho- a Curve defcribed by this Property will 
Approach nearer to the Axis, than the Point where a 
Tangent makes an Angle with the Axis of 45 De- 
crees, and recedes from it again, becoming then con* 
/vex towards the Axis, yet after it has pafled that 
J Point it will not generate a Solid of the leaft Refift- 
\ anoe ; becaufe it nas loft one of its chief Properties. 

\ Befidcs, if DNGB, Fig. 20. were the Curve, then 

JDNFB was (hewn to refift lefs than DNGB, and the 

I Fruftum of the Cone generated by NFB in its Rota- 

) tion about its Axis MB, would refift lefs than the 

Fruftum generated by revolving NHB about the 

fame Axis in which MC=CB and CS=CN, which 

is abfurd : becaufe, this was fhewn to refift the leaft 

of all Fruftums of the fame Bafe and Altitude. 

If we put x for an Abfcifla of the Curve, its Flux- 

ione=#, y an Ordinate, its Fluxion y. GP«*, and 
BR-s, as before, then in the fimilar Triangles IKN 
and BGR, it will be GB . IK : : BR . IN, or 

F a 



• ■ ■**^ 3 
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3* a 

■ i n ,i 

4aa 



• • ^ a + zaazz+t. a % 
m v \ \ & • x = — but y = — — ~ — 

4* — jl - - , the Fluxion of which is * = 
-f. A - 22, whcnce*or^»Hj? + 

f 

%%+ % % 

— the flowing Quantity of which is # — -v--j + — 
4* ™ 

; f- x Log. x, but when x*=o 5 then a^=*, whic 



zz 

na 



( 




being fuhftitutcd for z,> we fhall have -i-^- + ^ 

i6a 3 4a 1 

~ x Log, a zz~a 4. ~ <* x Log* *, which being/ 
4 16 4 ' ( 

fabtrafted from ir._ 4. — x Log. *, leaves \ 

i6* 5 40 4 \ '■ 

3*1 .« _ 7'i x Log. * , the Abfcifla / 
xeqaifcd. 

■ - y * » 

And putting GB-tf~ 1, it will be 4*. . 1+z 1 '• *• , 
I-f a 1 . j the Ordinate : and 16 . 3* 3 +4 : : ** . 4**t \ 

from which fourth Term fubtrading ^ + J Log. «. (| 



/ 
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1 

leaves the Abfeifia proper to the Ordinate found as 
above. 

PROP. X. 

To Inveftigate the Refiftance of a Solid 
of the haft Refftance turned about its 
jixis. 

flT ET QENGB, Ftg. a i. be the generating Fi- 
1k i gure, draw KF parallel to the Axis QB, meet- 
ing with the Curve in N, draw NM perpendicular 
I to the Axis, and NI perpendicular to the Curve , 
\gftid the Force with wnich a Particle of the Fluid 
toriking clire&ly on the Perpendicular Head 'of the 
^Cylinder m the Point F, is to the Force with which 
jit would ftrikc obliquely on the given Solid in the 
J Point N, as Nfy to NMy, or becaufe GR Jis paral- 
I lei to a Tangent applied in the Point N j as GRq 
( to GBq y and putting BR —z 9 GB— *, and confequent- 

ly GR—zz-\- ad*, and taking any determinate Quan- 
tity as the Altitude QB~b, as before, it will.be GKq 

. GKq : : QB . HF, or zxA-aa . aa :: b. . a f*\ . 

k zzi-aa 



and if this be done in every Point of the given 
Curve, the Point H will describe the Curve OHD, 
and the Refiftance of the given Solid will be to the 
Refiftance of the circumfenbed Cylinder, as the Con- 
tent of the Solid generated by revolving the Figure 
QOHDLB about the Axis QB, is to the Content of 
the Qrcumfcribed Cylinder. 

F a Pat 
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Put as before HF=r _££*- . then KH ~ b 

- — i — — — , — s the Fluxion of which is* 
z&sf-aa zzrt-aa 7 • • 



o.aabzz „ 

. ■ , and put the Bafe = — x w* but by the. 

Property t>f the Curve y= ** 4 **"*>*+"* t when. 

-x ;r =ix £±2aazz.±S which mu l t i p licdj 

i 
into il^^^ives i. x ££^ t x Trl"! or 



iaabz.z . ,_ £ aaabzz ' *>*> ~+ aal 
-■——■^ |t ogives — x i. x — r r 



becaufe — * i> is conftant, it may be omitted, and 



then it will be 2aaM x **+£« _ ^multiplied by 

i6a*zz oatz r J 



* i 



z, ? z. . && , aaz, 



z*-\-2aazz,-{-a+ = 5 — -\- h o~" > ^ c Fluxion 



S^'^T^ 8i ,cncriuxIon / 



* 4 ( 



of the Solid j the flowing Quantity of which is' 



z, x . ** 



4~ -«r 4" ~y x ^°S' — to which if we add the Cy lin- f. 



der 
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dcr generated by the Parallelogram ADBL, in the lame 
Rotation, which in this Cafe is wA . t x - ** - or 

*£+-£; we fhall have IftL + iL'+l^ 
i5 16**' 3a** i£ ^ 16 

+• 1 - « + -r x Log* ~ > but when z*=a, it will 

* 3a- + V'*'T6 + rd- , "T xLo 8- , ' 0r -3T 

tf hich ihould be a* % bat is deficient — <*% therefore 

> * 32 

hzaa 16 3* i6z. 8 5 * 



c 



krae Fluent, which multiplied into — xi, gives 
the Refiftancc enquired after. 

y And cutting b^66 y O and =33 J, then «:=I2, and 
■ the Refiftancc of this Solid will be 37263, the Soli- 
R dity of the circumlcribed Cylinder being put for its 
^ Refiftancc 

PROP. 

* r 
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PROP. XI. 

To Cube the Solid of the kali Rejtfiance. 

PUT the Radius of the Bafe NM=^y, Fig. a*, 
its Diameter aj, and let c be a ftanding Ex^j 
preffion, fhewing the Proportion , of the Areaofj 
Circle to its circumfcribed Square : the Area of d 
Bafe will then be c%/py> but becaufe c is a ftandftg 
Quantity we may omit it, and, call the Bafe 4#, tten 
if the Altitude MB of the Solid be x ; its FltuSgo 

x multiplied into the Bafe will give 47 x * the Fli 
ion of the Solid. 



Bat by the Property of the Curve, putting BR=f , 
** + 2 **" + £7 whence 4*7. will be equal 

{ 
S± 4 aa<.<+6a*~W±* t ^ ' x >cqual to ( 



y- 



4aa*. 



4* 



31^4. Mt't-0 4 t 



, whence 4x7* will become 



I 



the Fluxion of the Solid $ by Reduction equal ttt 






a*& 



r 
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^thcFIu C ntofwhichis^: 7 +^ + 

[ow, when zssa, the whole, which fliould vanh\ 
160 64 p* 16 3a 3* 



3* 5 . 7* 4.3^.- + 32^1 + 



*5"1 j_ 3* J — 1*! 
" + a6~ 160 



^4 pd pd J* SX* 

jj 7*1 + 73^! 853 x ai which j^jog f ubtra a- 
V 64 96 ' 960 * 
A ftom the flowing Quantity found as above, there 

♦•„ •* 3**° 4. 7** . *5*' . js 4 4 S*** 



, the true Flu- 



J 312* p5o « ^* *- 

±nt, which multiplied into * win give the Content 



of the Solid. 
And putting fc=66,o and j=33) " J*****^- 



fc=ia, and the Content of this Sohd will be 106350, 
, Jby which the Refiftance 37^5 being divided, we 
j(hallh*vc ,350376. 



PROP. 
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PRO P. XII. 

The .Altitude and Bafe of a Cone being 
given, to defcribe a Trapezium, <who/e 
altitude and Solidity generated by its 
Rotation about its Axts r Jha1l r email 
the fame as in the Cone, and its Ri 
Jfflance be the lead of all Solids of die 
fame Altitude . and Solidity, general 
by any Trapezium whatever in its Rjq> 
tation about the fame Axis, 



<• " - s 



LE T the right -angled Triangle JlliC, Fig . a I 
reprefeht the given Cone, and ABiFD the Tr5 
gttium, put the^ Axis A&=^ AG=$iy*AD=y y 
B^=x. • 1- • -! . ': ' .. 

If the Solidity of the Cone generated by revolving 
Ac Triangle CAB about the Axis A B be callcl 

™-. : The Content of the Solid generated by re-\ 

volving the Figure ABFD about the fame Axis will 

be yyb—yyx\- ^f , and if this be equal to the So- 

• i 

iidity of the Cone, then **- =*yyh—yyx-\- — and 






> .1 

:! 
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■ 

ppb4 

-Ay* 



3*H 
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• * 



$6b*p A x % x—l6k*p*x*x-l-2b*p*x=o, and dividing by 

r 

otfp'x it will be — '^'w+iW**— 8* -|/&=o, or 
8x 3 — iUx*+9b x x=p% and dividing by 8, x> — 



-2- bx 3 + -£ £* x n **~ , whicJi Cubic Equation 
4 8 8 ' 

being fbl> cd will give the Value of x. 

And if we put AB=&^66,9, and AO=f = 33j 1 / 
as before, then EB = # = 46,i, EF=yc=26,i7, and 
HB= 16,308: So that the Rdiltance of the Cone being 
46444, as was fhewn before ; the Refiftance of the 
Solid generated by revolving this Trapezium ABFD 
about the Axis AB will be 35101 nearly. And this 
may (erv« #a « general Hiat, that the Refiftances <*f 
Solids depend^ much upon their ^gisifteft tranfverfe 
Se&tons, and it is probable frgim this, fome ufeful ' 
Observations may be made. 
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